Summary
To determine the effect of a certain diet on the intestinal flora of rats, the cecal flora of rats fed a low protein or low lysine diet was examined. Total counts of bacteria in the cecal contents of rats given the four kinds of diet (a normal protein diet, a low protein diet, a normal lysine diet and a low lysine diet) were not significantly different. The counts of Streptococcus, Enterobacteriaceae, and Clostridium perfringens in the cecal contents from rats fed the low protein diet were significantly lower than those from rats fed the normal protein diet. The count of Lactobacillus in the cecal contents from rats fed the low lysine diet was significantly higher than that in those from rats fed the normal lysine diet. Levels of most of the free amino acids in the cecal contents of the low protein group were significantly lower than those of the control. But no significant difference was found between the levels of most of the free amino acids in the cecal contents of the low lysine group and those of the control group. Key Words cecal flora of rats, low protein diet, low lysine diet, cecal contents, free amino acid, Streptococcus, Enterobacteriaceae, Clostridium perfringens It is well known that the intestinal flora of rats has a beneficial effect on the protein digestion and absorption of the host (1, 2). Yamanaka and Nomura (3) reported that true digestibility and net protein utilization of conventional rats were significantly higher than those of germ-free rats when the dietary protein levels were 15%, but those of conventional rats were not significantly different from those of germ-free rats when the dietary protein levels were 2.5-10% thereof were transferred into anaerobic transport media (4) and cultured promptly. The remaining aliquots were used for the analysis of nitrogen compounds. Bacterial procedure. Bacterial techniques used were essentially the same as those of Mitsuoka et al. (5) with some modification. Non-selective media used were Medium 10 (modified), EG agar, BL agar, and Trypticase soy blood agar, and selective media used were BS agar, ES agar, NBGT agar, Neomycin Nagler agar, VS agar (modified), LBS agar, DHL agar, TATAC agar, PEES agar, Potato dextrose agar, and NAC agar. All the media except NAC agar (Eiken Chemical Co., Ltd.) and also bacterial cultivation and counting methods were shown in the previous paper (6) .
Chemical analysis. Total nitrogen, 5% trichloroacetic acid (TCA)-soluble nitrogen (non-protein nitrogen, NPN) and ammonia nitrogen (7) were determined by the technique shown in the previous paper (6).
RESULTS

Body weight gain and cecal contents
Results for body weight gain and cecal contents are shown in Tables 3 and 4 .
Final body weights and body weight gains in the low protein and low lysine groups were significantly lower than those in the respective control groups, but weights of cecal contents of the deficient groups were not significantly lower. Effect of the low protein diet on the microbial flora of rats
The content of cecal flora of rats fed the low protein diet is shown in Table 5 .
No significant difference was found between the total bacterial count of the low Table  6 . Cecal flora of rats fed a low lysine diet and a normal lysine diet.
a,c See protein group and that of the controls. Counts of Streptococcus, Enterobacteriaceae and Clostridium perfringens in the cecal contents of rats fed the low protein diet were significantly lower than those of rats fed the normal protein diet.
Effect of the low lysine diet on the microbial flora of rats The cecal flora of rats fed the low lysine diet is shown in Table 6 . The count of Lactobacillus in the cecal contents of rats fed the low lysine diet was slightly higher (p<0.05) than that of the control groups. The counts for the other bacterial groups under the condition of feeding the low lysine diet indicated no significant difference from those of the control groups.
Effect of the low protein and the low lysine diets on nitrogenous compounds of the cecal contents
Results for nitrogenous compounds in cecal contents are summarized in Tables  7-10 . Concentrations of total nitrogen, non-protein nitrogen, ammonia and almost all the amino acids in the cecal contents of rats fed the low protein diet were significantly lower than those in the cecal contents of the control group (Tables 7  and 9 ). Concentrations of total nitrogen, non-protein nitrogen, ammonia and all amino acids in the cecal contents of rats fed the low lysine diet were not significantly different from those in the cecal contents of the control lysine diet (Tables 8 and 10 ). Concentrations of nitrogenous compounds of the cecal contents of rats fed the low protein diet, the normal lysine diet and the low lysine diet were almost the same level Table 7 . Nitrogen compounds in the cecal contents of rats fed a low protein diet and normal protein diet (mg N/g).
a Means•}SD for 6 rats b t-test analysis . *** p<0.001. Table 8 . Nitrogen compounds in the cecal contents of rats fed a low lysine diet and normal lysine diet (mg N/g).
a See Table 7 .
M. TAKAHASHI, M. KAMETAKA, and T. MITSUOKA ( Tables 7 and 8) . Concentrations of phenylalanine, leucine, threonine, alanine, glycine, histidine, lysine, isoleucine, glutamic acid and serine in the cecal contents of rats fed the low protein diet were significantly lower than those of normal protein diet (Table 9) . Free amino acid concentrations in the cecal contents of rats fed the low lysine diet were almost the same level as those on the normal lysine diet, and those free amino acid concentrations were lower in comparison with the low and normal protein diet groups (Tables 9 and 10 ).
DISCUSSION
It has been shown that the intestinal flora is stable and dietary variations may have little influence on the flora in the large intestine (9) (10) (11) . From our present data, no significant difference in the total bacterial counts was found in the cecal contents of rats fed the four experimental diets. Smith (12) reported that the counts of Enterobacteriaceae and Streptococcus were increased but the count of Lactobacillus was decreased by the high protein diets (meat or casein diet). In our present data, a See Table 9 .
the counts of both Enterobacteriaceae and Streptococcus in the cecal contents of rats fed the normal protein diet were higher than those of rats fed the low protein diet.
The results on Enterobacteriaceae and Streptococcus supported Smith's data, but as the count of Lactobacillus in the cecal contents of rats fed the normal protein diet was not significantly different from those in the cecal contents of rats fed the low protein diet, the results on Lactobacillus did not support his data.
Chung et al. (10) described that since Clostridia isolated from feces of rats on a meat diet were proteolytic, their presence in high numbers in feces of animals on a meat diet was perhaps explained by the availability of more protein and/or amino acids. Our present data showed that the counts of C. perfringens were 107.0, 105.4, 1039 and 1041 in the cecal contents of rats fed the normal protein diet, the low protein diet, the normal lysine diet and the low lysine diet respectively (Tables 5 and  6 ). The non-protein nitrogen concentrations in the cecal contents of rats fed the above-mentioned four diets were 4.2, 1.8, 0.8 and 1.1mg N/g respectively (Tables 7  and 8 ). Therefore, availability of non-protein nitrogen (mainly amino acid) in the cecum might be explained by the increase in numbers of Clostridium as Chung et al, had suggested. Iwabuchi et al. (1) also suggested that intestinal microorganisms attacked amino acid nitrogen more easily than peptides or amide nitrogens. In our data, most of the amino acid concentrations in the cecal contents of the normal protein diet group were higher than those of the other diet groups, and some bacterial groups (Enterobacterium, Streptococcus and C. perfringens) were increased only in the normal protein diet. Valine and lysine in the essential amino acids, and alanine, glutamic acid and aspartic acid in the non-essential amino acids showed considerably high concentrations in the cecal contents of rats fed the four experimental diets. High concentrations of valine, lysine, alanine and glutamic acid were also found in the cecal contents of chicks as reported previously (6) . High concentrations of lysine and glutamic acid in the feces of rats were found by Iwabuchi et al. (1) . Lysine and glutamic acid were suggested to be endogenous nitrogen compounds without arising from bacterial origin because the feces of germfree animals contain high concentrations of both lysine and glutamic acid (1) . Free amino acid patterns in the cecal contents of chicks (6) and rats resembled each other. Accordingly, the function of microorganisms, the anaerobes of which were stable in the gut, also might bear a strong resemblance between chicks and rats.
This work was supported by grant 310405 from the Scientific Research Fund of the Ministry of Education, Science and Culture of Japan. We are grateful to Mr. Masao Tijimatsu for his assistance in the amino acid analysis, to Mr. Akira Ozaki for his kind help in rearing rats and also to Kyowa Hakko Kogyo Co. for the generous supply of crystalline amino acids.
